Amaç: Bu çalışmanın amacı gebelik haftasına göre uygun [average for gestational age (AGA)] yenidoğanlarda fetal malnütrisyon ile D vitamini eksikliği arasındaki ilişkiyi saptamaktır. 
INTRODUCTION
Fetal malnutrition (FM) is distinguished by loss of muscle volume and subcutaneous adipose tissue during the intrauterine period. However, being small for gestational age (SGA) and intrauterine growth retardation (IUGR) are not analogous with FM. IUGR is defined as a fetus unable to reach its growth potential (1) . IUGR fetuses may suffer from FM as a result of events that prevent normal growth potential (2, 3) . Micronutrients are necessary for normal growth and development of the fetus, and deficiencies have been found to be associated with IUGR and SGA infants (4, 5) . For this reason, micronutrient deficiency, especially 25-hydroxyvitamin D [25(OH) Vit D] deficiency, may be related to FM. 25(OH)Vit D plays a critical role in intrauterine growth and development, the physiology of brain development, and the central nervous system development, together with thyroid hormones, retinoic acid, and steroid hormones (6) .
25(OH)
Vit D is one of the most important nutritional factors involved in steroid hormone production. While fetal genetic factors mainly affect fetal growth and development in the first trimester of intrauterine life, hormonal and environmental factors affect fetal growth and development during the following gestational periods, especially in the third trimester (7) .
The aim of this study was to determine the association between 25(OH)Vit D deficiency and FM.
MATERIALS AND METHODS

Study Design
This prospective observational study was carried out in neonatal intensive care unit between March 1 and April 30, 2012. The hospital is a third-level neonatal center with almost 2.500 newborns delivered each year. The single, term (37-42 completed gestational weeks), living average for gestational age (AGA) babies born by caesarean section or normal vaginal delivery between the 37 th and the 42 nd gestational weeks according to ultrasonographic measurements and last menstruation date who were found to have only AGA infants included to study. And all of the neonates were evaluated for FM. FM detected neonates were constituted the FM study group. The control group was composed with term, single, AGA and well nutrition neonates.
Caesarean section, complicated vaginal delivery (obstetric forceps and vacuum extraction), breech presentation, multiple pregnancies, premature infants (gestational age <37 weeks), post-mature infants (>42 gestational weeks), large for gestational age (LGA) neonates, SGA neonates, newborns that were actively resuscitated postnatally in the delivery room, newborns with major anomalies, and babies requiring intervention due to suspicious lung pathology, cyanotic congenital heart disease, early sepsis-meningitis following clinical examination at the neonatal intensive care unit were not included in the study (Figure 1 ).
On the basis of previous findings, that birth weight, birth height, and head circumference of FM neonates are lower than that of well-nourished neonates, we hypothesized that 25(OH)Vit D levels are lower in FM infants and may be the cause of the lack of growth in these neonates (8) . We calculated that a sample size of 60 neonates with malnourished neonates (α=0.05, power=80%). The study protocol was approved by the local ethical committee of the hospital and written informed consent from a parent was obtained for each neonate prior to the study.
Measurements
The number of gestation weeks was determined by different researches one hour after delivery using the last menstrual date and New Ballard scoring, independently of the Clinical Assessment of Nutritional Status score (CANSCORE) (2) . The birth weight, height, and head circumference measurements of the neonates were measured by the delivery-room nurse. Using these data and Lubchenko intrauterine growth curves, the newborns were then classified as SGA (below the 10 th percentile), AGA (between the 10 th and 90 th percentile), and LGA (above the 90 th percentile) babies. Newborns with AGA with FM were included in the study to exclude factors that could be the cause of SGA and LGA newborns, to minimize the effects on 25(OH)Vit D levels and to achieve more consistent results. The CANSCORE was applied by different researches to each postnatal neonate and FM was diagnosed according to CANSCORE. The sensitivity and specificity of CANSCORE had reported to 51% and 21.5%. CANSCORE features the estimated physical signs of good or bad nutrition (hair, cheeks, neck, and chin fatness; skin furrows with a deficiency of subcutaneous adipose tissue in the arms, legs, back, buttocks, abdomen, and chest). Each of the signs was rated from 4 (best) to 1 (worst). Newborns with a total CANSCORE <25 were considered to suffer from FM, while those with a CANSCORE of 25-36 were considered to be well nourished (2, (7) (8) (9) . The history of the mothers [e.g., gestational complications, 25(OH)Vit D supplementation, type of delivery, medical care at birth, and identifying style of dress, skin color, and low and excess weight gain] was acquired from medical records. Maternal 25(OH)Vit D status was described by a 25(OH)Vit D supplement being taken as a tablet (minimum 400 IU/day) for a minimum of three months. The scales were divided into three classes during pregnancy; ≤9 kg weighing: low, weighing between 10-19 kg: normal, 20 kg ≥ weighing was defined as high. Maternal skin type of the subjects was classified using the Fitzpatrick skin-type scale and maternal dress style was described as being in two different forms: "open" or "closed". 
Laboratory Analysis
About 2 mL of blood samples obtained from the umbilical cord blood of all neonates at birth were placed into jelly biochemical tubes. The samples were protected from sunlight by aluminium foil, were centrifuged at 4000 rpm for 15 minutes to avoid hemolysis, and the separated serum samples -each with the written name of the patient and protocol inside the tubes-were kept frozen at -80 °C in a refrigerator. The serum samples were preserved for about two months until all analysis samples were collected and analyzed by high-performance liquid chromatography. 
Statistical Analysis
Statistical analyses were performed using the Number Cruncher Statistical System 2007 statistical software (Utah, USA). In the assessment of the data, in addition to the descriptive statistical methods (mean and standard deviation), an independent t-test was used in the comparison of the binary groups with normal distribution variables, the Mann-Whitney U test was used in the comparison of the binary groups with non-normal distribution variables, and the chi-square test was used in the comparison of the qualitative data. The Pearson correlation coefficient was performed to determine the factors that affect the presence of <25 CANSCORE. The results determined as significant were p<0.05.
RESULTS
A total of 110 term newborns were included in the study. Of these, 44 (40%) comprised the well-nourished (WN) group, 66 (60%) the FM group. Birth weight, birth height, head circumference, weight gain during pregnancy, CANSCORE, and 25(OH)Vit D mean levels of the FM group were found to be lower compared with the WN group (p=0.0001). Birth anthropometric measurements and maternal features of the newborns are shown in Table 1 .
History of pregnancy and factors relating to the mother was shown Table 2 . The maternal skin color and body mass index in the FM group were found to differ significantly from the WN group. No differences were observed in parity and maternal mean age between the WN and FM groups. No differences were observed in maternal skin color, maternal style of dress, maternal 25(OH)Vit D intake status, and maternal smoking between the WN and FM groups.
Comparison of maternal variables and 25(OH)Vit D levels are presented in Table 3 . The correlation of cord-blood 25(OH)Vit D levels of newborns with each of the variables, such as the mother's age, parity, and weight gain during gestation, the birth weight of the newborns, and CANSCORE values are presented separately in Table 4 . Low cord-blood 25(OH) 25(OH)Vit D levels were (p=0.002) and low head circumference (p=0.002) were found to be the factors that affect the presence of FM. 
DISCUSSION
The CANSCORE, as validated by Metcoff, makes an indirect assessment of subcutaneous fat and was able to detect FM in all the neonates during this study; none of the other anthropometric measurements that assess the thickness of subcutaneous tissue were able to do better (2) . FM may be related to micro-and macronutrient deficiency (11). (13, 14) . Three randomized supplementation trials and four observational studies found no relation between maternal 25(OH)Vit D and birth weight (12, 13, (15) (16) (17) (18) (19) . In the present study, which aimed to detect the relationship between FM and 25(OH) Vit D, a significant correlation was detected between cordblood 25(OH)Vit D levels and FM. This result suggests that 25(OH)Vit D, apart from its many effects on the musculoskeletal system, also affects intrauterine growth and the development of the fetus, particularly in the last trimester. When the 25(OH)Vit D levels were compared among all the newborns birth length, head circumference, and birth weights, a statistically significant correlation was detected only between head circumference and 25(OH)Vit D levels. Although these results suggest that 25(OH)Vit D, which is one of the steroid hormones, also affects brain development through the homolog receptors, these data should be confirmed by further and more extensive studies. Our results of a positive association between cord-blood 25(OH) 25(OH)Vit D levels and head circumference in term AGA infants supports Gernand et al.'s previous study (13) .
25(OH)Vit
In our study, a comparison of the mother's skin type between the study group and the control group showed that more mothers with dark skin or lower weight gain (≤9 kg) during pregnancy had newborns with FM. So far, there has been no study in the literature on the relationship between FM and the mother's skin color, although a study by Salihoğlu et al. showed a significant relationship between low gestational weight gain of the mother and the frequency of FM, similarly supporting our study results (8) .
In the present study, no statistically significant difference was detected in newborns in respect of the mother's style of dress. In a study by Fenercioğlu et al. on 266 newborns, comparing the babies of mothers who smoke with passive smokers and non-smokers, FM clinical features were detected in babies whose mothers smoked and in passive smokers, demonstrating that babies exposed to tobacco smoke during their intrauterine life are significantly at risk of FM (20) . However, in our study, while observing FM in the babies of smoking mothers, no statistically significant relationship was detected. But, as smoking affects fetal nutrition and growth and is dose-dependent, these results may be related to the fact that the number of cases and the number of cigarettes were not determined. Assessments of the mother's gestational weight gain have shown that the mothers of well-nourished newborns are more likely to be in the excess gestational weight-gain group; in the present study, however, no correlation could be detected between cord-blood 25(OH)Vit D levels and average mother gestational weight-gain values (21) . 
Study Limitations
There were some limitations of the study. Firstly, there is a lack of information on some potential confounders, in particular maternal sun exposure and standardization of photo type. Secondly, the study was conducted at the end of the winter, which could influence the mother's 25(OH)Vit D status and serum 25(OH)Vit D levels.
CONCLUSION
As a result of the study, there was an weak association between head circumference and vitamin D levels (R 2 : 0.219) but this doesn't mean that there is a cause-effect relationship between vitamin D and head circumference. Additionally the CANSCORE was slightly below the threshold of 25 points in the FM group which and also the mean weight of the infants was within the normal range probably mean that the malnourishment may limited our study group neonates. We consider that newborns should be assessed by standard fetal-growth curves as well as FM evaluation, that 25(OH)Vit D deficiency in these babies might be related to fetal growth, but that more cases and similar parameters should be evaluated.
Informed Consent: Written informed consent from a parent was obtained for each neonate prior to the study.
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